Response Surface Methodology (RSM) is used in this study as an experimental design to obtain optimum conditions for each parameter. This study uses pelton turbines on a laboratory scale. The purpose of this study is to determine the optimum number of buckets and flow rates against turbine performance. The performance measured in this study is turbine efficiency. RSM is used to obtain mathematical equations from the performance of the turbine at optimum conditions. The optimum results obtained from RSM is to improve the performance of Pelton turbines that are 15,7714 (16 pieces) and flow rate of 0.1583 ℓ / s (0.16 ℓ / s) resulting in turbine efficiency of 29.16%.
Introduction
Indonesia is known as a maritime country that has abundant water resources in which it can be functioned as much as possible as a renewable energy resource. Hence, in fact, the utilization of renewable energy resources to produce electricity is less than 6.8% of the total available resources [1] . One of the many natural resources available in Indonesia is mineral and energy resources. Some examples have been found of conventional types of energy that can replace oil fuels in the form of gas hydrate and bionic gas off the west coast of Sumatra, southern West Java and the northern part of the Makassar Strait which exceeds all the potential oil and gas that has been managed in the recent time. In addition to conventional energy, there are also non-conventional energies such as solar energy, wind energy and water energy which are generally used as electricity generation.
One tool that can utilize water energy to produce electricity is a water turbine [2] . Water turbines have two types that are impulse turbines and reaction turbines. The impulse turbine works in a non-pressure system, while the reaction turbine works in a pressure system. One example of an impulse turbine is a pelton turbine. The Pelton turbine, patented by Lester Pelton in 1880 that is commonly used in hydroelectric power plants in geographical locations where high water heads are available but small flow volumes [3] . However, research on the design structure and efforts to increase the efficiency of low water turbines with a power of <1 kW, at very low specific speeds is still inadequate [4] . Therefore, this study was conducted to adjust or determine the performance obtained by pelton turbines on a laboratory scale.
Low-scale pelton turbines are given a limit of 10 m minimum head, 0.5 ℓ / s water flow, a minimum output power of 0.1 kW and a minimum jet diameter of 4 mm [7] . The working principle of pelton turbines is to convert gravitational potential energy into kinetic energy, where the velocity of the water jet increases and hits the bucket turbine then converts it to mechanical energy (shaft rotation), which is quickly converted to electrical energy [5] [8] . Turbine buckets used in the effort to generate electricity, are given in the following table [6] . Available literature usually concentrates on the analysis or optimization of distributor design, injectors, bucket geometry or turbine casings. However, there is not much research published in terms of optimum bucket numbers [7] .
This study uses the number of buckets 13 and 15 to prove the effectiveness of the optimization of the Pelton turbine on the number of buckets suggested by the existing literature [6] . The use of 17 bucket quantities is intended to obtain the actual value, on the basis of reference the minimum number of buckets provided. In addition to bucket numbers, this study also uses water flow (0.11 ℓ / s, 0.13 ℓ / s, and 0.15 ℓ / s) to obtain variance values. Flowrate in this study is arranged based on the height or the small head value (Q = H), because the size of the water tank is small and directly connected to the nozzle, the head cannot be adjusted constantly. Changing the head will cause parameters such as velocity coefficients and changing flow rates to affect the flow and characteristics of turbine efficiency [8] .
This type of research is correlation research where the aim is to detect the extent to which variations in a factor are related to variations in one or more other factors based on the correlation coefficient. This study uses Response Surface Methodology (RSM) software. RSM is a collection of statistics and mathematical techniques that are useful for developing, improving, and optimizing processes, where the interest response is influenced by several factors (independent variables) [9] . The main idea of this method is to know the effect of the independent variable on the response, get the model between the independent variable and the response and get the process conditions that produce the best response. In addition, the RSM method has the advantages of not requiring large amounts of experimental data and does not require a long time [10] .
The purpose of this study is to determine the effect of bucket numbers and optimal flow rate from the performance of small-scale pelton turbines using Response Surface Methodology (RSM). It is expected that the existence of this research can be a source of information as basic data in the process of performance of the Pelton turbine on a laboratory scale.
Material and Methods
Pelton turbines are turbines that depend on the pressure height or head. This type of turbine works on the flow of direct water and pounds the bucket so that it is pushed backward. The turbine runner gets kinetic energy due to the push of the bucket and causes spinning. This shape on the pelton turbine bucket is a double hemispherical cup. The amount of rotation is affected by the weight of the bucket mass and the angle of the distance between the buckets [7] .
In this study, the independent variables used are bucket number (13; 15; 17 bucket) and water debit (0.11; 0.13; 0.15 ℓ / s). The response variable used to see the performance of the turbine is efficiency. The performance of the water turbine depends on the shaft power produced by the turbine and the efficiency of the turbine mechanics [11] . The laboratory scale pelton turbine specifications used in this study are as follows: Figure 1 shows the laboratory scale pelton turbine installation used in this study. The performance of the turbine depends on the value of the power produced by the turbine and the total efficiency of the turbine. The turbine power is affected by jet speed and tangential runner speed, while the total efficiency of the turbine is obtained from mechanical efficiency, friction efficiency and hydraulic efficiency [5] . The equation used is shown as follows:
The jet in the nozzle also has a speed shown in the following equation:
Tangential runner speed can be calculated as follows:
The torque on the pelton turbine is determined using the following equation [21] :
The tangential velocity of the turbine runner obtained using this equation:
The power of the water jet in the Pelton turbine can be calculated as follows: To power the turbine shaft, the following equation is given:
Mechanical efficiency in Pelton turbines is given below:
The purpose of this study is to obtain a new method in the optimization of parameter design of pelton turbines. From this research, the best parameters of turbines are obtained such as bucket number and water flow to obtain optimum turbine efficiency. Response Surface Methodology (RSM) was used to solve optimization problems in this study.
Experimental Design
The first step of the surface response method is to find the relationship between the response y and the independent variable Xi through the second order polynomial equation. The independent variable is denoted by X1, X2, ..., Xi. These variables are assumed to be controlled by the researcher and influence the response variable y which is considered a random variable. The second order model is stated with [12] :
The experimental design method used in this study is the central composite design (CCD). The factor is the observation variable used, while the level is the number of changes in each factor. There are two independent variables that are considered as variables that affect the output power and efficiency of the pelton turbine that is the number of buckets (A) and water flow (B). With two independent variables, the level of each independent variable is encoded with -1 for the low level and 1 for the high level to simplify the calculation. The CCD design in this experiment uses two variables, so that the rotability value is ( 2 2 ) 1/4 = 1,412. Value ± 1.412 includes the value used for coding. The encoding of the independent variable is calculated using the equation [12] :
Minitab program output results and experimental design results can be seen in Table 3 . Table 3 shows the experimental design model with 2 factors, 2 levels, and with the addition of 4 axial points. Observation with two factors is observed using two variables, while two levels mean that in each factor is designed in two values of change. 
Result and discussion
In Figure 2 , it can be seen that the highest efficiency produced by Pelton turbines is on the order 8 standard of 29.16%, with a total of 15 buckets and a water debit of 0.158 ℓ / s. The lowest efficiency is shown in standard order 1 at 18.80%, with the number of buckets as many as 13 pieces and water debit of 0.11 ℓ / s.
Fig. 3. Efficiency produced by Pelton turbines in experiments
P-Value testing shows a significance level or an opportunity to get a maximum error of α = 5% (fault tolerance) with a 95% truth level (confidence interval). Therefore, the smaller the P-Value, the more significant the influence of the independent variable will be. Table 3 shows the output of the second-order response surface method, where the variable number of Efficiency Experiment buckets and water flow variable has a P-value of 0.000 <0.05. This shows that the variable number of buckets and water flow has a significant effect on the response. Regression parameters or models simultaneously obtained P-value 0,000 <0,05, so that independent variables have a significant effect on the model formed. In table 4, there is an R 2 value that shows a number of 0.98 meaning that the suitability of the model is said to be better if R 2 is close to 1, where there are variations in response due to the influence of high independent variables. It can be explained that the effect of the independent variable on the response variable is 98.57%, while the remaining 1.43% is influenced by other variables than the independent variable. In examining the adequacy of a model, it is not only considered the lack of fit, but also the residual analysis must also be carried out. Figure 3 shows the normal distribution test to observe the model deviation and the residual point must approach the specified straight line. This test is done by comparing the Kolmogorov -Smirnov (KS) statistical test with KS tables at a significant level of 5%. KS value for efficiency is 0.257 and KS table is 0.361. So it can be concluded that the KS count <KS table, which means that the residual normality test has been normally distributed. Figure 4 shows that the contour plot influences the number of buckets and the water flow to efficiency. However, in Figure 5 , it shows the response surface contour plots in three dimensions that form the optimum peak. Thus, It can be seen in Figure 5 that the efficiency of pelton turbines is higher when the number of buckets is between levels 16 and 18, while the water flow is at the level of 0.14 and 0.16. The optimum response from the efficiency of the pelton turbine produced can be seen in Figure 6 . Figure 6 shows that the optimum bucket number is 15.77714 (16 pieces) and the optimum water flow is 0.158284 (0.16 ℓ / s). From the results obtained above, it can be
